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Description
BACKGROUND
Technical Field

[0001] Embodiments of the present disclosure relate
to an information processing device, an information
processing method, and carrier means.

Background Art

[0002] In the related art, technologies are known to
measure the line width of a linear defect such as a crack
occurring on the wall or the road surface to investigate
the degree of pressure to rebuild or repair, for example,
a tunnel and a road. In such investigation, for example,
a plurality of cameras that are provided for a vehicle are
used to capture a plurality of images, and the obtained
multiple images are combined (see Japanese Unexam-
ined Patent Application Publication No. 2016-218555).
[0003] However,inthe related art, when positional dis-
placement or the like is present in the boundary portion
of combined images, for example, a state such as a crack
across the boundary tends to be recognized in error.

SUMMARY

[0004] Embodiments of the present disclosure de-
scribed herein provide an information processing device,
a method of displaying an image, and carrier means. The
information processing device and the method include
an operation acceptance unit configured to receiving a
request to display combined-image data indicating an
image in which a plurality of images captured upon di-
viding a spatially continuous region are combined, and
outputting the combined-image data and boundary line
information including position information of a boundary
line indicating a combined portion of the plurality of im-
ages, in response to the request to display the display
combined-image data. The carrier means caries compu-
ter readable code for controlling a computer to carry out
the method.

[0005] According to one aspect of the present disclo-
sure, an image that includes a boundary line indicative
of the combined portion of multiple pictures can easily
be analyzed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] A more complete appreciation of embodiments
and the many attendant advantages thereof will be read-
ily obtained as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings.

FIG. 1 is a schematic diagram of an image display
system according to an embodiment of the present
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disclosure.

FIG. 2 is a diagram illustrating a combined image to
be generated, according to an embodiment of the
present disclosure.

FIG. 3 is a diagram illustrating a hardware configu-
ration of an information processing device and a ter-
minal device according to an embodiment of the
present disclosure.

FIG. 4 is a diagram illustrating a functional configu-
ration of an information processing device according
to an embodiment of the present disclosure.

FIG. 5 is a diagram illustrating a functional configu-
ration of a terminal device according to an embodi-
ment of the present disclosure.

FIG. 6is aflowchart of the processes tobe performed
by an information processing device, according to
an embodiment of the present disclosure.

FIG. 7 is adiagramiillustrating how a pair of captured
images are combined or joined, according to an em-
bodiment of the present disclosure.

FIG. 8 is a diagram illustrating the position of a
boundary line, according to an embodiment of the
present disclosure.

FIG. 9A and FIG. 9B are diagrams each illustrating
a case where the combined position of a pair of cap-
tured images is displaced, according to an embodi-
ment of the present disclosure.

FIG. 10 is adiagramillustrating the width of displace-
ment in the combined position of a pair of captured
images, according to an embodiment of the present
disclosure.

FIG. 11 is a flowchart of the processes to be per-
formed by a terminal device, according to an embod-
iment of the present disclosure.

FIG. 12 is a diagram illustrating the functions of an
alternative information processing device, according
to an embodiment of the present disclosure.

[0007] The accompanying drawings are intended to
depictembodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0008] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "includes" and/or "including”, when used
in this specification, specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.
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[0009] In describing example embodiments illustrated
in the drawings, specific terminology is employed for the
sake of clarity. However, the present disclosure is not
intended to be limited to the specific terminology so se-
lected and it is to be understood that each specific ele-
ment includes all technical equivalents that have the
same structure, operate in a similar manner, and achieve
a similar result.

[0010] In the following description, illustrative embod-
iments will be described with reference to acts and sym-
bolic representations of operations (e.g., in the form of
flowcharts) that may be implemented as program mod-
ules or functional processes including routines, pro-
grams, objects, components, data structures, etc., that
perform particular tasks or implement particular abstract
data types and may be implemented using existing hard-
ware at existing network elements or control nodes. Such
existing hardware may include one or more central
processing units (CPUs), digital signal processors
(DSPs), application-specific integrated circuits (ASICs),
field-programmable gate arrays (FPGAs), computers or
the like. These terms may be collectively referred to as
processors.

[0011] Unless specifically stated otherwise, or as is ap-
parent from the discussion, terms such as "processing"
or "computing" or "calculating" or "determining" or "dis-
playing" or the like, refer to the action and processes of
a computer system, or similar electronic computing de-
vice, that manipulates and transforms data represented
as physical, electronic quantities within the computer sys-
tem’s registers and memories into other data similarly
represented as physical quantities within the computer
system memories or registers or other such information
storage, transmission or display devices.

[0012] Embodiments of the present disclosure are de-
scribed below with reference to the accompanying draw-
ings. Firstly, an information processing device and a
method of processing information using the information
processing device are described below.

[0013] FIG. 1is a schematic diagram of an image dis-
play system according to an embodiment of the present
disclosure.

[0014] An image display system 10 according to the
presentembodimentincludes a camera 1, an information
processingdevice 3, and aterminaldevice 4. Intheimage
display system 10, the information processing device 3
and the terminal device 4 are connected to each other
through a network 2. The camera 1 may be connected
to the information processing device 3 and the terminal
device 4 through the network 2, or may be connected to
the terminal device 4 using any desired communication
method.

[0015] The camera 1 according to the present embod-
iment is mounted on, for example, a tunnel inspection
car. Alternatively, the camera 1 according to the present
embodiment is carried by an inspector to take a picture
of an object. An object ofimage capturing to take a picture
is, for example, a tunnel, a bridge, and a road formed of
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concrete, asphalt, or the like, and the wall or ground of
a structure such as building. In order to detect an abnor-
mality such as a crack on the surface of a subject, the
above tunnel inspection car or inspector moves the cam-
era 1 to take a plurality of pictures of a wide area. In the
present embodiment, a plurality of cameras 1 for image
capturing may be arranged with adjusted angles. By so
doing, a plurality of pictures may be taken at the same
time.

[0016] The image data of a plurality of taken pictures
is sent to the information processing device 3 together
with the position information with which, for example, the
shooting time, the location of photo shooting, the camera
location can be identified. The camera 1 may send the
captured image datato the information processing device
3 through the network 2, or may send the captured image
data to the information processing device 3 through the
terminal device 4.

[0017] The information processing device 3 uses the
received image data and position information to generate
acombined image in which a plurality ofimages are com-
bined, and stores the combined image together with the
boundary line information that indicates the boundary of
the combined image. The boundary line information ac-
cording to the present embodiment includes the informa-
tion about the position at which the image of the boundary
line is superimposed and displayed on the combined im-
age. In other words, the boundary line information in-
cludes position information of the boundary line to be
superimposed and displayed on the combined image.
[0018] The terminal device 4 receives the image data
and the boundary line information stored in the informa-
tion processing device 3, and displays an image on which
the boundary line is superimposed on the combined im-
age. In the present embodiment, the terminal device 4
may be connected to the information processing device
3 through the network 2, or may directly be coupled to
the information processing device 3.

[0019] FIG. 2 is a diagram illustrating a combined im-
age generated by the information processing device 3,
according to the present embodiment.

[0020] The combined image 21 illustrated in FIG. 2 is
an image in which a plurality of images whose capturing
ranges are adjacent to each other are combined. The
inspector can efficiently check the captured image over
a wide range by referring to the combined image 21. In
the example image illustrated in FIG. 2, the boundary line
is not superimposed on the combined image. However,
in the presentembodiment, a boundary line thatindicates
the combined portion of a plurality of images is displayed
on the combined image 21.

[0021] More specifically, for example, in FIG. 2, the
boundary line 22 is displayed at the combined portion
between an image A and an image B that are included
in the combined image 21 and have capturing ranges
adjacent to each other. The processes of superimposing
and displaying the boundary line on the combined image
are described below in detail.
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[0022] Firstly, a hardware configuration of the informa-
tion processing device 3 and the terminal device 4 ac-
cording to the present embodiment is described.

[0023] FIG. 3is a diagram illustrating a hardware con-
figuration of the information processing device 3 accord-
ing to the present embodiment.

[0024] The information processing device 3 includes,
for example, a central processing unit (CPU) 101, aread
only memory (ROM) 102, a random access memory
(RAM) 103, a network interface 104, an input and output
(I/O) controller 105, and an auxiliary memory 109 that
are connected to each other through a bus 110.

[0025] The CPU 101 reads from the ROM 102 or the
auxiliary memory 109 a program for causing the informa-
tion processing device 3 to execute the processes ac-
cording to the present embodiment, and executes the
program.

[0026] The RAM 103 is a working memory used by the
CPU 101 to operate, and is also used to store image data
on a temporary basis.

[0027] The network interface 104 is an interface that
performs data communication using a communication
network. The network interface 104 is also used for ex-
changing the image data.

[0028] The auxiliary memory 109 is an external storage
unit provided for the information processing device 3, and
may be, for example, a hard disk drive (HDD), a compact
discread-only memory (CD-ROM), and a universal serial
bus (USB) memory.

[0029] The information processing device 3 further in-
cludes a video random access memory (VRAM) 106 cou-
pled to the input and output controller 105, an image dis-
play device 107, and a pointing device 108.

[0030] The image display device 107 is controlled by
the input and output controller 105, and includes a mon-
itor screen such as a liquid crystal display or a cathode-
ray tube (CRT) display. The image display device 107
displays an original image or digital photographic image
and an image that is being processed by computation,
and also displays, for example, the edges of a certain
area to be superimposed on the image, and lines or ar-
rows that indicate the directions or pixels.

[0031] The pointing device 108 according to the
present embodiment is a means for indicating the posi-
tion on an image displayed on the image display device
107. Such a position on the display may be, for example,
the position indicated by a mouse, a mouse cursor of a
keyboard, and a finger contacting a touch panel, which
are controlled by the input and output controller 105.
[0032] The VRAM 106 is a means for storing an object
to be displayed on the image display device 107 on a
temporary basis, and is controlled by the inputand output
controller 105.

[0033] The terminal device 4 according to the present
embodiment is an information processing device, and its
hardware configuration is equivalent to that of the infor-
mation processing device 3. Accordingly, the description
of the hardware configuration of terminal device 4 is omit-
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ted. When the terminal device 4 is, for example, a tablet
personal computer (PC) or a smartphone, the terminal
device 4 may be provided with a touch panel instead of
the pointing device 108 in addition to the above-de-
scribed configuration. The terminal device 4 may include
acamera and a global positioning system (GPS) receiver
that receives a GPS signal from a GPS satellite. In such
cases, the terminal device 4 receives a GPS signal to
obtain the position information.

[0034] FIG. 4is a diagram illustrating a functional con-
figuration of the information processing device 3 accord-
ing to the present embodiment.

[0035] The information processing device 3 includes
an image data transmitter and receiver 31, an image cor-
rection unit 32, a boundary determining unit 33, a com-
bined-image generation unit 34, and an image data stor-
age unit 35. The above functional units other than the
image-data storage unit 35 are implemented as the CPU
101 executes the instructions or commands that are in-
cluded in one or more programs installed in the informa-
tion processing device 3. The image data storage unit 35
is implemented by, for example, a storage unit such as
the auxiliary memory 109.

[0036] Theimage data transmitter and receiver 31 has
afunction to exchange image data with, for example, the
camera 1 and the terminal device 4.

[0037] The image correction unit 32 has a function to
correct the received image data so as to combine a pair
of images of the image data appropriately.

[0038] The boundary determining unit 33 has a func-
tion to determine the position of the boundary line when
a pair ofimages of the image data are combined. In other
words, the boundary determining unit 33 generates
boundary line information that includes the position in-
formation of the boundary line.

[0039] The combined-image generation unit 34 has a
function to generate a combined image in which a plu-
rality of images are combined, based on a plurality of
items of image data and the boundary line information.
[0040] The image data storage unit 35 has a function
to store, for example, the image data and the boundary
line information.

[0041] FIG. 5is a diagram illustrating a functional con-
figuration of the terminal device 4, according to the
present embodiment.

[0042] The terminal device 4 includes an image data
receiver 41, a display-image generator 42, an output unit
43,and an operation acceptance unit44. The above func-
tional units are implemented as the CPU of the terminal
device 4 executes the commands or instructions that are
included in one or more programs installed in the terminal
device 4.

[0043] Theimagedatareceiver41requests combined-
image data and the boundary line information that indi-
cate a combined image from the information processing
device 3, and sends the received combined-image data
and boundary line information to the display-image gen-
erator 42.
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[0044] The display-image generator 42 according to
the present embodiment uses the received combined-
image data and boundary line information to generate a
combined image on which the boundary line has been
superimposed, based on the operation or input made
through the operation acceptance unit 44, which speci-
fies, for example, the type of boundary line, showing or
hiding the boundary line, and zooming in or out of the
image, and sends the generated data of an image on
which the boundary line has been superimposed to the
output unit 43.

[0045] When the operation acceptance unit 44 re-
ceives anoperationto hide the boundary line, the display-
image generator 42 sends only the combined-image data
to the output unit 43 without superimposing the boundary
line on the combined image.

[0046] The outputunit43 according to the present em-
bodiment displays the image data received from the dis-
play-image generator 42 on the image display device
107. The output unit 43 may separately output the com-
bined-image data and the boundary line information.
[0047] The operation acceptance unit 44 according to
the present embodiment receives an operation or input
made through the manipulation of, forexample, the point-
ing device 108. The operation acceptance unit 44 may
receive an operation or input made through a keyboard,
or may receive an operation or input made based on the
recognition of input voice.

[0048] FIG.6is aflowchartof the processes performed
by the information processing device 3, according to the
present embodiment.

[0049] In a step S20, the image data transmitter and
receiver 31 receives the image data of a plurality of pho-
tographs taken upon dividing a spatially continuous re-
gion. In other words, the image data transmitter and re-
ceiver 31 takes in image data. The image data may be
received from the external memory 5 through the auxil-
iary memory 109, or may be received from, for example,
the camera 1 connected to the network 2 through the
network interface 104.

[0050] Theimage datatransmitter and receiver 31 may
store the received image data in the image data storage
unit 35.

[0051] For example, the image data holds the bright-
ness value indicating the brightness or luminosity of each
pixel at 8 bits per pixel. Alternatively, in order to reduce
the data size, the data may be compressed and held in
a format based on a standard such as joint photographic
experts group (JPEG). For example, the image data may
include information about the time at which the images
were captured and the location of the camera 1 as infor-
mation used to combine a pair of images.

[0052] Theimage datatransmitter and receiver 31 may
sends the image data stored in the image data storage
unit 35 in response to a request from, for example, the
terminal device 4.

[0053] In a step S21, the image correction unit 32 cor-
rects the image data received by the image data trans-
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mitter and receiver 31 so that the images will be combined
appropriately. In the area around the boundary between
a pair of captured images whose capturing ranges are
adjacent to each other, even if the same region is cap-
tured in those images, there is a difference in conditions
such as the distance from a camera and the angle of the
camera. The correction processes according to the
present embodiment are aimed at correcting such differ-
ences.

[0054] Inastep S22, the boundary determining unit 33
determines the position of the boundary line when com-
bining a pair of images in the image data corrected by
the image correcting unit 32, and sends the corrected
image data and the boundary line information including
the position information of the determined boundary line
to the combined image generating unit 34.

[0055] The processes of determining the position of
the boundary line are described below in detail with ref-
erence to FIG. 7 and FIG. 8.

[0056] FIG. 7 is a diagram illustrating how a pair of
captured images are combined or joined, according to
the present embodiment.

[0057] InFIG. 7, when the image in a capturing range
60 is captured by a camera 1A and a camera 1B, the
position of a boundary line 62 between the image 63 cap-
tured by the camera 1A and the image 64 imaged by the
camera 1B is determined.

[0058] Firstly, the boundary determining unit 33 ac-
cording to the present embodiment specifies an overlap-
ping region 65 where a captured image A and a captured
image B overlap each other, based on, for example, the
information about the time at which the images were cap-
tured and the locations of the cameras, which are includ-
ed in the received image data. The overlapping region
65 is indicated by a shaded portion in the capturing range
60. Subsequently, the boundary determining unit 33 de-
termines the position of the boundary line 62 between
the captured image 63 and the captured image 64 within
the specified overlapping region 65.

[0059] FIG. 8 is a diagram illustrating the position of a
boundary line according to the present embodiment, and
an area around the overlapping region 65 is magnified
for view and is displayed on a pixel-by-pixel basis.
[0060] As illustratedin FIG. 8, for example, the bound-
ary determining unit 33 according to the present embod-
iment sequentially assigns row-of-pixel numbers to pixels
from an upper portion of the image data in the horizontal
direction. The first row-of-pixel number may be the up-
permost row of pixel of the captured image 64, or may
be the uppermost row of pixel of the entire combined
image. Based on the row-of-pixel numbers, the position
of the boundary line between the captured image 63 and
the captured image 64 is specified. The position of the
boundary line is satisfactory as long as it is within the
overlapping region 65, and when it is assumed that L
denotes the row-of-pixel number of the boundary line,
the value of L is to be determined so as to satisfy an
equation given below.
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L=N+K

0<K<M-1

[0061] In the above equation, L, N, and K denotes in-
tegers equal to or greater than 0, and M denotes a natural
number. In the above equation and inequality, M denotes
the number of rows of pixels in the overlapping region
65, and the row-of-pixel number N indicates the upper-
most portion of the captured image B. Moreover, the row-
of-pixel number N + M - 1 indicates the lowermost portion
of the captured image A.

[0062] In a step S23, the combined-image generating
unit 34 generates the combined-image data indicating
the combined image based on the received image data
and the boundary line information, and stores the gen-
erated combined-image data and boundary line informa-
tion in the image data storage unit 35 in association with
each other.

[0063] As illustrated in FIG. 7 or FIG. 8, the combined
image of the captured image 63 and the captured image
64 is an image obtained by combining an image from the
uppermost portion of the captured image 63 to the bound-
ary line 62 with an image from a row of pixel below the
boundary line 62 by one pixel to the lowermost portion
of the captured image 64. Alternatively, the combined
image of the captured image 63 and the captured image
64 may be an image obtained by combining an image
from the uppermost portion of the captured image 63 to
a row of pixel above the boundary line 62 by one pixel
with an image from the boundary line 62 to the lowermost
portion of the captured image 64. Alternatively, the cap-
tured image 63 and the captured image 64 may be han-
dled separately as separate files.

[0064] Further, in the present embodiment, the infor-
mation indicating whether the boundary line is to be dis-
played or hidden from view may be included in the infor-
mation included in the boundary line information. Wheth-
er the boundary line is to be displayed or hidden from
view is determined based on the displacement in the
combined position of a pair of captured images. The rea-
son why the above information is used to make determi-
nation and a method of making determination are de-
scribed below.

[0065] Typically, it is very difficult to accurately com-
bine adjacent images on a pixel-by-pixel basis at all po-
sitions. Accordingly, the combined position may deviate
from an original position. Such a deviation may be re-
ferred to as displacement in the combined position of a
pair of captured images. When the combined position of
a pair of captured images is displaced, there is a possi-
bility that an erroneous analysis may be made as if there
are a plurality of cracks near the boundary line. Such an
erroneous analysis is made when, for example, the state
of cracks on the surface of the wall in the tunnel are in-
spected.
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[0066] FIG. 9A and FIG. 9B are diagrams each illus-
trating displacement in the combined position of a pair
of captured images according to the present embodi-
ment, and illustrates a coupled image 70 of the captured
image 63 when the boundary line 73 is to be hidden from
view and not displayed and the captured image 64 and
an image 71 on which the boundary line has been su-
perimposed when the boundary line 73 is to be displayed.
[0067] As illustrated in FIG. 9A, when the boundary
line 73 is hidden and not displayed, it is difficult to deter-
mine whether the object 72 is broken due to displacement
in the combined position of a pair of captured images,
and there is a possibility that the object 72 is erroneously
recognized as ifthe object 72is originally divided into two.
[0068] By contrast, as illustrated in FIG. 9B, when the
boundary line 73 is displayed and superimposed on a
pair of captured images as in the image 71, itis apparent
that the broken portion of the object 72 matches the
boundary line 73, and it is easy to determine that the
combined position of a pair of captured images is dis-
placed. On the other hand, when the combined position
of a pair of captured images is not displaced, the object
72 is not cut or broken, and erroneous determination is
not likely to be made. Accordingly, in such cases, it is not
necessary to display the boundary line 73. Accordingly,
it is effective to switch between displaying or hiding the
boundary line 73 depending on whether the combined
position of a pair of captured images is displaced.
[0069] A method of determining whether there is dis-
placement in the combined position of a pair of captured
images is described below.

[0070] FIG. 10is adiagram illustrating the width of dis-
placement in the combined position of a pair of captured
images, according to the present embodiment.

[0071] In FIG. 10, the boundary determining unit 33
according to the present embodiment regards the object
72 as a crack on the wall of the tunnel, and measures a
positional-displacement width 81 illustrated in FIG. 10.
Subsequently, the boundary determining unit 33 com-
pares the positional-displacement width 81 with a prede-
termined distance d. The boundary determining unit 33
determines to display the boundary line 73 when the po-
sitional-displacement width 81 is longer than the prede-
termined distance d, and determines not to display the
boundary line when the positional-displacement width 81
is equal to or shorter than the predetermined distance d.
[0072] In other words, when the positional-displace-
ment width 81 is wider than the predetermined distance
d, the boundary determining unit 33 according to the
present embodiment makes the information indicating
that the boundary line is to be displayed in the boundary
line information. When the positional-displacement width
81 is shorter than the predetermined distance d, the
boundary determining unit 33 according to the present
embodiment makes the information indicating that the
boundary line is to be hidden from view and not displayed
in the boundary line information.

[0073] In the present embodiment, as an example of
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amethod of measuring the positional-displacement width
81, for example, a linear object captured in a digital pho-
tograph may be detected and its line width may be meas-
ured. In the present embodiment, a methodology as
above is adopted, and an area around the boundary line
between the two images, i.e., the captured image 63 and
the captured image 64, is analyzed. Then, the difference
between the positions of the object 72 detected in both
the captured image 63 and the captured image 64 is com-
puted and obtained. As a result, the positional-displace-
ment width 81 is computed and obtained.

[0074] In the present embodiment, the above-de-
scribed processes in the steps S20 to S23 are performed
by the information processing device 3. However, as il-
lustrated in FIG. 2, when there are images adjacent to
each other not only horizontally but also vertically, the
processes described herein are performed on the cap-
tured images adjacent to each other in all directions. In
other words, if attention is focused on a certain captured
image, images adjacent to each other in up to eight di-
rections including the up-and-down and right-and-left di-
rections and the four slanting directions are combined.
[0075] FIG. 11 is a flowchart of the processes per-
formed by the terminal device 4, according to the present
embodiment.

[0076] Oncethe operation acceptance unit44 receives
an operation or input requesting to display the image of
combined-image data, in a step S24, the image-data re-
ceiving unit 41 of the terminal device 4 requests the in-
formation processing device 3 for the combined image
and the boundary line information, and obtains the re-
ceived combined image and the boundary line informa-
tion.

[0077] In a step S25, the display-image generator 42
according to the present embodiment generates the data
of an image where the boundary line has been superim-
posed on the combined image, based on the combined
image and the boundary line information that are re-
ceived by the image-data receiving unit 41.

[0078] As an example of a method of superimposing
a boundary line on a combined image, all the pixels of
the boundary line may be set to have an even brightness
value. For example, when the brightness value takes a
value varying between 0 and 255, all the brightness val-
ues of the pixels of the boundary line are set to the same
value such as 0 and 255. The difference in brightness
value is adifference in brightness or density of the bound-
ary line to be displayed. If the image display device 107
can display a color image, the display-image generator
42 according to the present embodiment may generate
the data of a boundary-line superimposed image in which
the boundary line is colored. Instead of setting all the
brightness values of the pixels of the boundary line to the
same value, the display-image generator 42 may change
the brightness values of the pixels of the boundary line
at even intervals to generate the data of a boundary-line
superimposed image such that the boundary line ap-
pears like a dotted line or a broken line. The display-
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image generator 42 may change the brightness values
of pixels adjacent to the pixels of the boundary line to the
same value to generate the data of a boundary-line su-
perimposed image in which the thickness of the boundary
line is increased.

[0079] Inorder to improve the visibility of the boundary
line, the display-image generator 42 may change the
brightness or density of the line according to the bright-
ness of the pixels near the boundary of combination. By
so doing, the degree of contrast with the pixels near the
boundary of combination can be maximized. More spe-
cifically, the display-image generator 42 performs adjust-
ment such that the difference between the average value
of the brightness near the boundary of combination and
the brightness of the boundary line is maximized. In so
doing, the range in which the average value is to be ob-
tained may be a region having a certain extent such as
aregion having an appropriate width on both sides of the
boundary line. For example, the display-image generator
42 sets the brightness value of the boundary line to 255
when the average brightness value near the boundary
line is 100, and sets the brightness value of the boundary
line to 0 when the average brightness value near the
boundary line is 150.

[0080] The operation acceptance unit 44 according to
the present embodiment accepts the brightness value,
color, thickness, and type of the boundary line, as well
as an input operation of settings such as switching be-
tween displaying and hiding of the boundary line and
zooming in or out of the combined image, and sends the
setting data to the display-image generator 42. The input
operation may be accepted through the pointing device
108 such as a mouse and a touch panel or a keyboard,
or may be accepted through a microphone that receives
and recognizes a voice input. If some of the pixels of the
boundary line are thinned out when the size of an image
to be displayed is reduced, pixels near the boundary line
may be displayed as the boundary line.

[0081] In a step S25, the output unit 43 according to
the present embodiment receives the image generated
by the display-image generator 42, and displays the re-
ceived image on the image display device 107.

[0082] As described above, according to the present
embodiment, an image can be displayed where the
boundary line indicative of the combined portion of a plu-
rality of pictures has been superimposed on the com-
bined image, and the image that includes the boundary
line indicative of the combined portion of those multiple
pictures can easily be analyzed. According to the present
embodiment, display and non-display of the boundary
line on the combined image can be switched as desired.
[0083] In the present embodiment, the boundary line
is hidden and not displayed when the width of displace-
ment in the combined portion is smaller than a predeter-
mined distance d. By so doing, the visibility for a user
can be improved.

[0084] In the present embodiment, it is assumed that
the display-image generator 42 that generates the data
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of a boundary-line superimposed image is provided for
the terminal device 4. However, no limitation is indicated
thereby. The functions that the terminal device 4 have
may be provided for the information processing device 3.
[0085] An information processing device 3A that in-
cludes the functions of the terminal device 4 is described
below with reference to FIG. 12.

[0086] FIG. 12is a diagram illustrating the functions of
the alternative information processing device 3A, accord-
ing to the present embodiment.

[0087] The information processing device 3A illustrat-
ed in FIG. 12 includes an image data transmitter and
receiver 31, an image correction unit 32, a boundary de-
termining unit 33, a combined-image generation unit 34,
animage data storage unit 35, a display-image generator
42, an output unit 43, and an operation acceptance unit
44,

[0088] Once the operation acceptance unit 44 of the
information processing device 3A illustrated in FIG. 12
receives a request to display a combined image from the
terminal device 4, the display-image generator 42 of the
information processing device 3A generates the data of
an image on which the boundary line has been superim-
posed, based on the combined image and the boundary
line information stored in the image storage unit 35. The
information processing device 3A outputs and sends the
generated data of an image on which the boundary line
has been superimposed to the terminal device 4, and
causes the terminal device 4 to display the data of an
image on which the boundary line has been superim-
posed.

[0089] As described above, as the information
processing device 3A is provided with a function to gen-
erate the combined-image data, the terminal device 4
only needs to display the data of an image on which the
boundary line has been superimposed, and the configu-
ration of the terminal device 4 can be simplified.

[0090] In the present embodiment, the camera 1 may
be a general-purpose digital camera or may be an imag-
ing device to be mounted on, for example, a vehicle. The
imaging device that is to be attached to the vehicle may
include, for example, a plurality of cameras arranged in
a front-rear direction or up-and-down direction of the ve-
hicle.

[0091] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
therefore to be understood that within the scope of the
appended claims, the disclosure of the present invention
may be practiced otherwise than as specifically de-
scribed herein. For example, elements and/or features
of different illustrative embodiments may be combined
with each other and/or substituted for each other within
the scope of this disclosure and appended claims.
[0092] The groups of devices or apparatuses that are
described above as embodiments of the present disclo-
sure are given as an example of a plurality of types of
computing environment according to an embodiment of
the present disclosure. In some alternative embodi-
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ments, an information processing system may include a
plurality of computing devices such as server clusters.
Such a plurality of computing devices may be configured
to communicate with each other through any type of com-
munication link such as a network and a shared memory
and to implement the processes described as above as
embodiments of the present disclosure.

[0093] Each of the functions of the described embod-
iments may be implemented by one or more processing
circuits or circuitry. Processing circuitry includes a pro-
grammed processor, as a processor includes circuitry. A
processing circuit also includes devices such as an ap-
plication specific integrated circuit (ASIC), digital signal
processor (DSP), field programmable gate array (FPGA),
and conventional circuit components arranged to per-
form the recited functions. The processing circuit herein
includes, for example, devices such as a processor that
is programmed to execute software to implement func-
tions, like a processor with electronic circuits, an appli-
cation specific integrated circuit (ASIC) that is designed
to execute the above functions, a digital signal processor
(DSP), a field-programmable gate array (FPGA), and a
circuit module known in the art.

[0094] The information processing device 3 according
to the present embodiment may be, for example, a pro-
jector (PJ), an electronic whiteboard that can perform
communication, which may be referred to as an interac-
tive white board (IWB), an output device such as digital
signage, a heads-up display (HUD), an industrial ma-
chine, an imaging device, a sound recording device, a
medical device, a networked household electrical appli-
ance, a car including a connected car, a laptop personal
computer (PC), a mobile phone, a smartphone, a tablet
personal computer (PC), a game machine, a personal
digital assistant (PDA), a digital camera, a wearable per-
sonal computer (PC), and a desktop personal computer
(PC).

[0095] Note that numerous additional modifications
and variations are possible in light of the above teachings.
It is therefore to be understood that within the scope of
the appended claims, the disclosure of the present dis-
closure may be practiced otherwise than as specifically
described herein. For example, elements and/or features
of different illustrative embodiments may be combined
with each other and/or substituted for each other within
the scope of this disclosure and appended claims.
[0096] Further, as described above, any one of the
above-described and other methods of the present dis-
closure may be embodied in the form of a computer pro-
gram stored on any kind of storage medium. Examples
of storage media include, but are not limited to, flexible
disks, hard disks, optical discs, magneto-optical discs,
magnetic tape, nonvolatile memory cards, read only
memory (ROM), etc. Alternatively, any one of the above-
described and other methods of the present disclosure
may be implemented by application-specific integrated
circuits (ASICs), prepared by interconnecting an appro-
priate network of conventional component circuits, or by
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acombination thereof with one or more conventional gen-
eral-purpose microprocessors and/or signal processors
programmed accordingly.

[0097] The present disclosure can be implemented in
any convenient form, for example using dedicated hard-
ware, or a mixture of dedicated hardware and software.
The present disclosure may be implemented as compu-
ter software implemented by one or more networked
processing apparatuses. The network can comprise any
conventional terrestrial or wireless communications net-
work, such as the Internet. The processing apparatuses
can compromise any suitably programmed apparatuses
such as a general purpose computer, personal digital
assistant, mobile telephone (such as a WAP or 3G-com-
pliant phone) and so on. Since the present disclosure
can be implemented as software, each and every aspect
of the present disclosure thus encompasses computer
software implementable on a programmable device. The
computer software can be provided to the programmable
device using any conventional carrier medium. The car-
rier medium can compromise a transient carrier medium
such as an electrical, optical, microwave, acoustic or ra-
dio frequency signal carrying the computer code. An ex-
ample of such a transient medium is a TCP/IP signal
carrying computer code over an IP network, such as the
Internet. The carrier medium can also comprise a storage
medium for storing processor readable code such as a
floppy disk, hard disk, CD ROM, magnetic tape device
or solid state memory device.

[0098] The hardware platform includes any desired
kind of hardware resources including, forexample, a cen-
tral processing unit (CPU), a random access memory
(RAM), and a hard disk drive (HDD). The CPU may be
implemented by any desired kind of any desired number
of processor. The RAM may be implemented by any de-
sired kind of volatile or non-volatile memory. The HDD
may be implemented by any desired kind of non-volatile
memory capable of storing a large amount of data. The
hardware resources may additionally include aninput de-
vice, an output device, or a network device, depending
on the type of the apparatus. Alternatively, the HDD may
be provided outside of the apparatus as long as the HDD
is accessible. In this example, the CPU, such as a cache
memory of the CPU, and the RAM may function as a
physical memory or a primary memory of the apparatus,
while the HDD may function as a secondary memory of
the apparatus.

Claims
1. Aninformation processing device (3) comprising:

an operation acceptance unit (44) configured to
acceptarequest to display combined-image da-
ta indicating a combined image (21) in which a
plurality ofimages captured upon dividing a spa-
tially continuous region are combined; and
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an output unit (43) configured to output the com-
bined-image data and boundary line information
including position information of a boundary line
(22) indicating a combined portion of the plurality
of images, in response to the request to display
the combined-image data.

2. The information processing device (3) according to
claim 1, further comprising

a display-image generator (42) configured to
generate data of animage in which the boundary
line (22) has been superimposed on the com-
bined image (21), based on the combined-im-
age data and the boundary line information,
wherein the output unit (43) is configured to out-
put the data of the image in which the boundary
line (22) has been superimposed on the com-
bined image (21).

3. The information processing device (3) according to
claim 2,
wherein the display-image generator (42) is config-
ured to change color of the boundary line (22) ac-
cording to an operation accepted by the operation
acceptance unit (44).

4. The information processing device (3) according to
claim 3,
wherein the display-image generator (42) is config-
ured to change a type of the boundary line (22) ac-
cording to the operation accepted by the operation
acceptance unit (44).

5. The information processing device (3) according to
claim 3 or 4,
wherein the display-image generator (42) is config-
ured to change thickness of the boundary line (22)
according to the operation accepted by the operation
acceptance unit (44).

6. The information processing device (3) according to
claim 5,
wherein the display-image generator (42) is config-
ured to maximize a difference in the combined image
(21) between an average value of display brightness
near the boundary line (22) and a value of brightness
of the boundary line (22).

7. The information processing device (3) according to
any one of claims 3 to 6,
wherein the display-image generator (42) is config-
ured to switch the boundary line (22) between show-
ing and hiding according to the operation accepted
by the operation acceptance unit (44).

8. The information processing device (3) according to
any one of claim 3 to 7,
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wherein the boundary line information includes
information indicating whether or not to display

the boundary line (22), and

wherein the information indicating whether or
not to display the boundary line (22) is deter- 5
mined based on a width of positional displace-
mentwhen the plurality ofimages are combined.

9. The information processing device (3) according to
any one of claims 3 to 8, 10
wherein the operation acceptance unit (44) is con-
figured to receive at least one of an input through a
keyboard, a pointing device, or a touch panel as well
as a voice input through a microphone.
15
10. A method of displaying an image, the method com-
prising:

receiving a request to display combined-image
data indicating animage (21) in which a plurality 20
ofimages captured upon dividing a spatially con-
tinuous region are combined; and

outputting the combined-image data and bound-

ary line information including position informa-

tion of a boundary line (22) indicating a com- 25
bined portion of the plurality of images, in re-
sponse to the request to display the display com-
bined-image data.

11. A carrier means carrying computer readable code 30
for controlling a computer to carry out the method of
claim 10.
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